life, he published more than 145 peerreviewed papers on osteomyelitis, antibiotic therapy, hyperbaric oxygen, joint infections, the foot in patients with diabetes, and the use of the Ilizarov technique for the treatment of musculoskeletal infections. He also was the principle investigator in numerous funded research projects and the coauthor of Musculo-Skeletal Infection. He
INTRODUCTION
At the University of Texas Medical Branch (UTMB) in Galveston, Texas, the adult osteomyelitis service now treats ten new cases of osteomyelitis each month. Since January 1981, 425 patients have been evaluated and 900 procedures performed to treat 240 lesions.
In our experience, the treatment of adult osteomyelitis is influenced by four factors: the condition of the host, the functional impairment caused by the disease, the site of involvement, and the extent of bony necrosis. Without reference to these factors, it is difficult to compare the results of different treatment protocols [1] [2] [3] [4] [5] and the effectiveness of new therapeutic modalities. [6] [7] [8] [9] The UTMB classification of adult osteomyelitis 10 combines four anatomic types DOI: 10.1097/01.blo. 0000088564.81746.62 (the disease) with three physiologic classes (the host) to define 12 clinical stages (Table I) . A distinction between the acute and chronic process has not been necessary. 11 The classification system incorporates the four prognostic factors, delineates treatment for progressive stages of the disease, and provides guidelines for the use of adjunctive therapies.
THE UTMB TREATMENT PROTOCOL FOR ADULT OSTEOMYELITIS (TABLE II)
The UTMB prospective study of adult osteomyelitis began in June 1981. The methods have remained unchanged except for the antibiotic recommendations for emergency coverage and for acrylic bead mixtures. The protocol itself is unique: patient selection and medical/surgical treatment are predetermined by the clinical staging system; the preoperative antibiotic program is based on outpatient biopsy data, and the patient follow-up system correlates a clinical and biologic response to therapy. 17-37, 1985.) temic factors may combine (e.g., diabetes mellitus).
Disability of the patient. The functional impairment caused by the disease, the reconstruction options, and the metabolic consequences of aggressive therapy influence the selection of treatment candidates. A draining sinus with minimal pain and/or dysfunction is not, by itself, an indication for surgical treatment. At times, the procedures required to arrest or palliate the disease are of such magnitude that treatment can lead to loss of function, limb, or life. In these latter instances, quality of life is the major factor influencing the decision to pursue therapy.
Physiologic Classification (Host). At UTMB, the condition of the host and the relative disability caused by the disease are combined in a physiologic classification (Table I) . A patient with a normal physiologic response to infection and surgery is designated an A-Host; a compromised patient is classified a B-Host and will have either local (B L ), systemic (B S ) or combined (B L,S ) deficiency in wound healing (Table III) . When the treatment or results of treatment are more compromising to the patient than the disability caused by the disease itself, the patient is classified a C-Host. Thus, the selection of surgical candidates may vary from institution to institution until there has been a standardization of concepts, methods, and techniques.
Disease Assessment
Persistent osteomyelitis is a surgical disease. Since debridement is the unchallenged cornerstone of successful therapy, a classification of osteomyelitis based on the site of necrosis will have specific implications for surgical management. Using such a system, four anatomically defined types of osteomyelitis become apparent: medullary, superficial, localized, and diffuse ( Fig. 1) . However, the condition of the host, regional vascularity, local milieu, and extent of necrosis will influence the natural history of the disease. 11 Anatomic classification. The medullary and superficial types of osteomyelitis share a pathophysiologic component: soft tissue compromise. In medullary osteomyelitis the primary lesion is endosteal. The etiology of the disease is variable but the nidus remains constant: ischemic scar, chronic granulations, and splinter sequestra within the medullary canal.
In superficial osteomyelitis the problem is on the surface of the bone. This is a true contiguous focus lesion. A compromised soft tissue envelope either begins or perpetuates an exposure of the bone. The involved surface may be on an old saucerization, and healed Papineau graft, the prominent callus of a healed open fracture, or the metatarsal head in a neuropathic foot ulcer.
The hallmark of localized osteomyelitis is full-thickness, cortical sequestration and/or cavitation. It is a discrete lesion within a stable bony segment. Although localized osteomyelitis usually follows trauma, it often has the combined features of medullary and superficial osteomyelitis and may even result as an extension of either of these two entities.
Diffuse osteomyelitis is a permeative, circumferential, or through-and-through disease of hard and soft tissue. In this type, an intercalary segment of the skeletal unit must be removed in order to resect all the compromised tissue. Instability is present either before or after a thorough debridement. Stabilization is an essential factor in the treatment and separates the diffuse lesion from the other types of osteomyelitis. Infected nonunions, end-stage septic joints, and through-andthrough metaphyseal/epiphyseal lesions of the proximal femur are examples of this type of osteomyelitis.
Clinical staging of adult osteomyelitis. The four anatomic types of osteomyelitis are numerically ordered according to the complexity of the disease and/or its treatment: I-medullary; II-superficial; III-localized; IV-diffuse (Table I ). In our classification system, the anatomic type (I-IV) is combined with the physiologic class (A-C) to designate one of 12 clinical stages of adult osteomyelitis. The clinical stage can change during the course of treatment (Table IV) . 
Microbiology
The bacteria responsible for the infection may be reliably isolated in two ways: preoperative biopsies, or from tissue sampled at the time of debridement surgery. 15 All isolated pockets of granulation tissue or necrosis must be sampled. Whenever possible, an antibiotic regime tailored to the sensitivities of all organisms isolated from biopsy material obtained in the outpatient setting is begun prior to debridement. 16 At the first and all subsequent debridements, multiple biopsies are obtained again for aerobic/anaerobic cultures and histologic evaluation. During therapy, antibiotic coverage may be changed or modified on the basis of clinical findings, serial debridement isolates and their sensitivities, inadequate serum bactericidal levels, abnormal laboratory studies, and/or patient intolerance. Antibiotics are given for six weeks after the last major debridement surgery. 16 At UTMB, all isolated organisms are placed in defibrinated sheep blood and stored at Ϫ70ЊC for future reference. Outpatient intravenous antibiotic therapy is utilized once serum bactericidal levels and/or surgical wounds permit. 13 
Surgical Treatment
Osteomyelitis surgery is disciplined and demanding. The average number of operations for a limb-salvage patient in our 1983 series as 3.8 procedures. Depending on the clinical stage of the disease and the planned reconstruction, the diagnostic biopsies, debridements, and reconstructions may be combined or performed separately. Biopsies are usually performed in the outpatient setting under local anesthesia. The organisms are thereby established, and questionable areas of involvement are assessed histologically.
Debridement. As in musculoskeletal tumor surgery, careful preoperative planning is critical to achieve a high rate of success and to minimize wound complications in the patient with osteomyelitis. The debridement is direct, atraumatic, and executed with the reconstruction in mind. Whenever possible, the incisions are laced between myocutaneous territories, at times disregarding previous incisions. Soft tissue retraction is minimized by careful wound planning. Sinus tracts are excised if present for more than one year.
All dead or ischemic hard and soft tissues are excised unless a palliative procedure has been chosen from the start. The extent of the debridement is predictable from the preliminary assessment. 16 If complete excision will threaten stability, external fixation and/or a bypass graft may be necessary prior to or during debridement surgery. At UTMB, the instruments used in the debridement procedures include scalpels, curettes, straight stem and angled dental mirrors, and a pneumatic bone scalpel. Because of the speed and gentle efficiency of this pneumatic system, osteotomes are rarely used. Tetracycline labeling, fluorescein, and other dyes have not been useful.
The debridement process begins in a centrifugal fashion. This technique retains an outer ring of bone that shares its circulation with the attached soft tissues. This shell of bleeding bone is dressed with either bone grafts, antibiotic beads, or soft tissue at the time on reconstruction. The residual cortical and cancellous bone must bleed uniformly (Fig. 6) . Definitive wound management usually takes place five to seven days after the last debridement. In the interim, the wound usually is left open.
Dead space management. The techniques of managing the dead space created by debridement surgery are illustrated in Fig. 7 . Secondary intention healing is discouraged; the scar tissue that fills the defect later becomes avascular and may lead to recurrent drainage. Similarly, suction/drainage systems are rarely used. The goal of surgery is to replace dead bone and scar with durable, vascularized tissue.
TABLE IV Clinical Stage Manipulation
A complete wound closure is secured whenever possible. Cancellous bone grafts are placed beneath local or transferred tissues when structural augmentation is necessary or a significant dead space will otherwise persist in the bone. Bypass grafts are performed when an in situ reconstruction will prove inadequate or is not feasible (Fig. 8) . Open cancellous grafts 14 are used sparingly as the epithelial coverage is not durable and may lead to superficial ulceration following minor trauma or persistent venous stasis. 18 They are, however, simple to do, effective, and particularly useful when a free or local tissue transfer is not an option.
Antibiotic-impregnated acrylic beads 6 have been used to sterilize and/or temporarily maintain a dead space created by debridement surgery. In our experience, any patient-compatible, powdered antibiotic may be safely delivered in this manner; it must first be adequately pulverized and then thoroughly mixed with the powdered cement prior to adding the monomer. 10 Thermal stability of the antibiotic(s) is not necessary when the beads are fashioned in the dough phase. 19 Two or three antibiotics may be combined in a single mix. Before using this technique, the debridement must first be thorough and the wound flora ideally sensitive to the antibiotic mixed with the cement. The beads usually are removed within two to four weeks and replaced with cancellous bone grafts. If strung on a line, 6,20 the beads are removed in ten to 12 days. The five antibiotics most commonly used in beads and their mixing ratios are listed in Table V . If the volumetric ratio of the powders exceeds 24cc/120cc (antibiotic/40gm cement), the cement will not harden reliably.
Application
Stage IA,B,C: Medullary Osteomyelitis (Fig. 9A, 9B ) Once the medullary process extends into the soft tissues, the usefulness of medical management alone will depend on the site and extent of the process, the physiologic class of the patient, and the functional disability expected from disease and treatment. The majority of the patients with Stage I osteomyelitis are systemically compromised hosts and suffer stage progression to Stage IIIB or IVB. When extension occurs, the process usually becomes intraarticular and the subchondral bone and articular cartilages sequester. Protection (stick, cast, or orthosis) usually is necessary until remodeling occurs and/or bone grafts mature. This stage often is debrided and closed on the first look. Closure over the obliterated dead space frequently can be achieved with simple approximation of the soft tissues. The organism is obtained preoperatively, and wound closure is protected by appropriate antibiotic coverage. 23 To completely excise the infected contents of the medullary canal, a small unroofing of the cortex is required. This minimal access to the canal is sufficient for an extended curettage 21 and/or medullary reaming. 22 When using the latter technique, the disease must be situated within an isthmus or limited to the tract of an intramedullary nail, otherwise a combination of reaming and unroofing will be necessary. The bony entry should be placed slightly askew of the anticipated soft tissue closure to prevent inversion of the wound margins and persistent drainage. The operations for treating Stage I lesions apply whenever medullary involvement is present (Fig. 10) . (Fig. 11A, 11B are excised and the exposed bony surface is tangentially removed (decortication) until the paprika sign 17 lesions; they resolve with early host alteration and progress to cavitation and full-thickness sequestration (subchondral), if untreated. The operations for treating Stage II lesions apply whenever superficial involvement is present (Stage II, III, IV).
Stage IIA,B,C: Superficial Osteomyelitis
Stage IIIA,B,C: Localized Osteomyelitis (Fig. 12A, 12B) The hallmark of this process is cortical sequestration and cavitation. Debridement surgery usually involves sequestrectomy, saucerization, medullary decompression, scar excision, and superficial decortication. The reconstruction will depend on the dead space created, the integrity of the residual bone, and the site of involvement. The procedures include viable hard and soft tissue transfers, cancellous bone grafts, bypass procedures, and simple wound approximation. Prophylactic stabilization is provided when the extent of the debridement places the bone at risk for fracture. 24, 25 Most Stage III lesions are posttraumatic and satellite or skip foci of infection may be present within the treatment zone secondary to prior surgeries (internal or external fixations). The preliminary evaluation (protocol steps I, II, III) usually identifies these lesions and directs an appropriate staging and treatment. 16 The operations for treating Stage III lesions apply whenever cavitation occurs (Stage III, IV) and often include procedures from Stage I and II treatment protocols (Fig.  11B) Stage IVA,B,C: Diffuse Osteomyelitis (Fig. 13A, 13B ) B-Hosts and segmental defects are common in this stage and potentiate the risk for developing a wound healing disturbance, i.e., nonunion, central bone graft necrosis, opportunistic infections, and stress fractures. The techniques used in managing Stage IV osteomyelitis are conceived and executed with a stabilization procedure in mind.
The preoperative planning must be precise and exhaustive to avoid tissue devitalization, unnecessary hardware in the wound, and in inefficient use of cancellous bone reserves. External fixation devices, medullary rods, and cortical plates are used selectively and are listed according to our preference and frequency of application. In our experience, external fixation is the safest and most versatile system. 
Clinical Orthopaedics

Extent of Necrosis
When the host is unable to resorb or expel infected, nonviable tissues, the infection becomes chronic. The nidus will persist until the pathophysiology of the process is reversed by appropriate therapy. Although debridement surgery usually is the treatment of choice, some lesions consistently respond to alternate forms of therapy. The common denominator in these wounds is infected scar tissue, not bone sequestration. This entity is called minimal necrosis osteomyelitis. Manipulation of host parameters frequently is the treatment of choice rather than debridement surgery.
Vertebral osteomyelitis. Hematogenous osteomyelitis of the vertebral column is an
The Classic example of osteomyelitis with minimal necrosis. When the Stage I lesion progresses to Stage IV in the spine, the process usually becomes intraarticular and the disc sequesters within the septic joint. The rich blood supply and high cancellous to cortical bone ratio favor a rapid resorption of subchondral bone and medullary debris. The disease will arrest if motion is curtailed and the host augmented with appropriate antibiotic therapy. The disc is a resorbable sequestrum. Deep/superficial osteomyelitis. There is a deep Stage II lesion with minimal necrosis. Often these lesions are failures in management of Stages III or IV where treatment involved a suction-irrigation system or secondary intention healing. In the preliminary evaluation, no dead bone can be identified to account for a chronic sinus. Here the ischemic soft tissue adjacent to deep bony surfaces is the nidus that leads to persistent disease. Therapeutic options include exploration and soft tissue manipulation, hyperbaric oxygen therapy, or skillful neglect.
Infected nonunion with minimal bony necrosis. In this lesion, the problem again is infected scar tissue. Surface resorption and union are impeded by constant motion and the resultant local compromise. 26 Immobilization and/or bypass surgery will relieve the soft tissue compromise, promote union, and enhance autosequestrectomy. 27 If the necrosis is more than superficial in septic pseudarthrosis, drainage often recurs despite bony union. 
THE UTMB EXPERIENCE-A PRELIMINARY REPORT
From June 1981 to December 1983, 357 patients with adult osteomyelitis were evaluated and staged on our service. 10 Definitive treatment was given to 189 patients with 192 lesions, and 747 surgical procedures were performed (Table VI) . There were 46 amputations: 41 were a first procedure; five followed a limbsalvage attempt. Of the primary amputations 90% (37/41) were in B-Hosts: 86% Stage IVB, 14% Stage IIB. Two of the patients with late amputations were disease-free at nine and 12 months but were unsuccessfully rehabilitated. These two patients were a young woman (Stage IIIA) with Munchausen's syndrome and a young man (Stage IVB S/L ) with an ipsilateral sciatofemoral palsy. During the first six months of therapy there were three deaths, including one (IVB L ) due to trauma at four months, one (IVB S ) from hypoglycemia at three months, and the third (IIB S/L ) from an induced bleeding diasthesis at three weeks. Of the patients evaluated, 15% (54/357) were C-Hosts. The remaining 110 of the 164 patients not treated by our service were either outside the consultations (46), IIB or IVB lesions we referred for amputations (50), or osteomyelitis with minimal necrosis (14) .
RESULTS
Sixty-three patients entered our limb-salvage protocol and were followed for a minimum of two years (Table VII) . Among these limb-salvage candidates, 93.6% (59/63) were diseasefree and ambulating without assistance at 24 months. Two patients had more than one lesion, bringing the total number of sites treated to 65. Treatment led to an arrest in 95.4% (62/65) of the lesions.
There were nine treatment failures (Table  VIII) : eight initial, one late, and four overall. These failures were defined by recurrent drainage (5/9), infected nonunion with minimal necrosis (2/9), tumor contamination (1/9), and unsuccessful rehabilitation (1/9). The reasons for initial failure included inadequate debridement (6), poor fixation (1), and stress fracture (1) . Of the initial treatment failure group, 62% (5/8) were arrested with retreatment. Three of the four overall treatment failures were in the initial failure group: an occult carcinoma was undiagnosed until the third debridement/biopsy, and two compromised patients suffered stage progression and underwent a below-knee amputation after completing a limb-salvage protocol. The other overall failure (IIIA-Munchausen's) had an ablation elsewhere at 12 months despite disease arrest (pathology report). All 65 lesions were indium-positive prior to treatment. Since there were four amputations, only 61 sites were available for followup. Six of these 61 lesions (10%) had a normal sedimentation rate and an abnormal indium scan at 18 months (one IIIA, three IVA, and two IVB lesions). Three of these same six patients were still indium-positive with normal sedimentation rates at 24 months (one IVA and the two IVB lesions). One palliative procedure was performed in the original group of 63 patients (C.W.-IVB L ); this patient's sedimentation rate and indium scan are still abnormal at 54 months.
The organisms isolated in 50 consecutive patients are listed in Table IX . Staphylococcus aureus was the most commonly isolated bacteria. More than two organisms were present in 46% of our patients. The number and type of organisms had no bearing on the outcome of treatment, providing an adequate debridement was performed. In all cases, appropriate antibiotic coverage was gained and maintained for the duration of the treatment protocols.
Representative sedimentation rate profiles for Stage IA/B, IIA, IIIA, and IVA are seen in Figs. 14A-14D . The Stage I profile is a composite of A and B hosts to illustrate the problem that occurs in using a sedimentation rate to follow compromised patients. These hosts are plagued by minor illnesses and peripheral sores that affect this index. In Stage IIA, the sedimentation rate did not fall before three months, a profile identical to soft tissue infections. The profiles for Stages IIIA and IVA reflect the wound healing disturbances associated with bone grafts, internal hardware, pin tract infections, and nonunion.
DISCUSSION
The clinical stages of adult osteomyelitis may interplay during both their natural history and their response to therapy (Fig. 15 ). An anatomic or physiologic stage progression (upstaging) increases the difficulty of treatment. The prognosis for disease arrest without ablation is improved when a downstaging of the process can be accomplished by therapy. Patients with Stage IV lesions suffer the greatest number of complications and represent the majority of treatment failures. The Stage IVB sedimentation rate profile (Fig. 16 ) represents a composite of B-hosts with type IV lesions whose deficiencies were corrected with successful host alteration (Table II) . The sedimentation rates and arrest rate in these patients have mimicked the Stage IVA responses. These encouraging results have strengthened our commitment to the diagnosis and treatment of host deficiencies. The B-host challenges the frontiers of modern medicine and brings the search for effective adjunctive therapies to the forefront. [6] [7] [8] [9] [28] [29] [30] [31] [32] [33] In our experience, indium-111 chloride imaging has been accurate in localizing per- sistent osteomyelitis in adults. 34 The cytokinetics of this imaging technique have not been established. Detailed anatomic mappings of specimens amputated 24 hours after indium chloride injection have demonstrated heavy indium concentration in tissues laden with histiocytes, macrophages, plasma cells, and lymphocytes as well as those with leukocytic infiltrates. This scan is not limited to acute and subacute processes 35 and appears to have a limited affinity for noninfected, reactive bone. 36 The methods used in the management of osteomyelitic wounds have influenced our longterm results. All of the amputation stumps reverted to normal indium studies by 12 months. Similarly, 94% of the wounds managed with primary closure (Fig. 7) in Stages II and III displayed normal indium concentrations at one year. The biology of wound healing in complex reconstructions lends support to the gradual resolution in the indium scan sequence depicted in the follow-up protocol. Eighty-seven percent of the Stage I, III, and IV lesions were indium-positive at 12 months if dead space management included cancellous bone grafts and/or an osteosynthesis. However, this percentage decreased to 12% and 6% at 18 and 24 months, respectively. Two of our overall treatment failures had at least one normal sedimentation rate prior to a recurrence of disease at seven and 12 months. No patient with a positiveturned-negative indium scan has experienced recurrence. Our prospective study should help define the role of sequential indium-111 chloride imaging in following treated cases of adult osteomyelitis.
CONCLUSIONS
1. The treatment and prognosis of adult osteomyelitis correlate with the clinical stage of the disease. 2. The UTMB staging system provides guidelines for the use of adjunctive therapies and a basis for comparing treatment protocols from institution to institution. 3. Serial indium-111 chloride scans may prove a sensitive index for following patients with treated osteomyelitis. Fig. 16 The sedimentation rate profile of three Bhosts with Type IV lesions who underwent physiological downstaging to Class A by host alteration.
